ISTOLOGIC
studies have indicated that atherosclerosis is associated with an increase of metachromatic material in the arteries.1) While this could be interpreted as a secondary or reactive phenomenon, Rinehart and Greenberg2) as well as others3) -5) proposed that focal intimal accumulations of such acid mucopolysaccharides (AMPS) are, in fact, the primary event of atherosclerosis.
Faber6) had postulated the formation of AMPS-lipoprotein complex in the intima and subsequent reports7),8) of a chemical interaction between beta lipoprotein or plasma fibrinogen and arterial acid mucopolysaccharides seemed to lend support and appeal to the concept; nevertheless, dissenting opinions have been expressed on both morphologic9) and chemical10) grounds.
Since it seemed possible that it might help to resolve the problem, extractions of human aortas for AMPS were initiated.
The results of previous studies11)-17) have been divergent, possibly a consequence of sample variation but very likely also attributable to technical inadequacies. 13) Pathologically and clinically it has been demonstrated that atherosclerosis is less severe in Japan than it is in the U.S.A. or in many of the European countries.18-21) This difference suggested the merit of a geographic compari- (Table  IV) . The relation between nitrogen content and purity of AMPS determined by turbidimetric assay is depicted in Fig.  3 .
Similarly, using ultraviolet spectrophotometry (Fig.  4) , absorption at 280mƒÊ. The relationship between the severity of aortic atherosclerosis and the content of AMPS, as measured by metachromasia in 29 cases is depicted in Fig. 5 . Essentially identical findings are noted in Table VI and Fig. 6 in which isolated AMPS is plotted against atherosclerosis.
The slight increase of AMPS with minimal degrees of intimal disease did not prove to be statistically significant but its reduction with more advanced atherosclerosis was significant.
Bottcher and Klynstra13) had suggested that the decrease of AMPS with advanced disease reflected an age determined increase of inert mineralized or otherwise insoluble tissue. As shown in Table VII and 9, calcium content of Japanese aortas is only a small fraction of that reported by Buck37) in Canadians. Only a two fold difference in magnesium content was noted. The extent to which non-solubilization of tissues during extraction distorted the findings of the present study was not determined. It is noteworthy that no AMPS was isolated in 2 examples of advanced atherosclerosis (Fig. 6 ) despite a liberal quantity (28 and 46 Gm.) of starting material. However, demonstration of the less contents of hexosamine, sulfate and the metachromatic substances in aortic homogenates, or enzyme treated extracts of calcific or ulcerated intimal lesions (Table VIII) suggests that measured differences in the final extracts are real rather than technical. Qualitative differences, possibly in degree of polymerization, of the hexosamine containing compounds seem to exist too since approximately 75% of that present in enzyme treated extracts of calcified or ulcerated lesions was dialyzable in contrast to 50% observed for hexosamine derived from normal aorta or Jap. Heart J. J anuary, 1965 and uronic acid by about 15%. Although a loss of hexosamine containing materials was recognized at a subsequent step, the extraction procedure was not altered since there was no accompanying loss of substance showing carbazole reaction and metachromatic stain. The possibility that these materials may represent keratosulfate seems remote, since it is noteworthy that Kaplan and Meyer16) had not found Keratosulfate to be a constituent of human aortas. In view of the significant decrease of AMPS content observed with the advanced atherosclerotic lesion (Fig. 6 , Table VI and VIII) and the age related progressive increase of non-uronic hexosamine (Fig. 2) it is tempting, though premature, to postulate a disturbance in hexosamine polymerization. An origin from the enzymic breakdown of glycoprotein during extraction seems possible, the sialic acid content of human aortas increases with age but diminishes with atherosclerosis.38) An important factor, however, is the increase of metabolically inert material which occurs with arterial disease and dilutes the AMPS content per unit of weight.13) The slight increase of AMPS observed with minor degrees of atherosclerosis was not significant statistically. Buddecke39) had reported, contrarily that AMPS, measured as uronic acid and/or hexosamine, increased with atherosclerosis, but we were unable to confirm his observations using his isolation technique ( Fig. 13 and 14) . Alkaline extraction, it should be noted, yields a product containing substantial amounts of nucleoprotein and glycoprotein. In the absence of atherosclerosis, the AMPS content of human aortas showed no significant variation with age ( Fig. 10) .
Comparison of these analyses of Japanese aortas with those of Kirk and Dyrbye17),36) on American aortas seems warranted by the equivalence of protein impurity in both products. Higher uronic acid values were obtained with the orcinol procedure indicating the presence of condroitin sulfate-B but since Kirk and Dyrbye36) had not utilized the orcinol method it is not possible to decide whether or not there are differences in the condroitin sulfate-B content, purely quantitative differences in AMPS content, or both. Comparison of aortic AMPS isolated from Japanese in this study from Americans by Dyrbye and Kirk17) shows lesser quantities in Japanese during the first 6 decades of life (Fig. 15 ). Whether this relationship is indeed reversed after the seventh decade as suggested by the graph can be only decided with a greater number of analyses. While the lesser quantity of AMPS found in Japanese aortas might be considered related to the lesser degree of atherosclerosis observed in Japanese, they as well as Americans display an inverse relation between AMPS and cholesterol content which is contrary to the concept that accumulations of AMPS determine the subsequent deposition of lipid materials and fibrin. Indeed, the findings are in better accord with the opposite thesis which proposes that depletion of surface AMPS, observed coincident with many intimal lesions, favors the progression of atherosclerosis. 40) The minerals, calcium and magnesium, both increased almost logarithmically with age (Figs. 7, 8 and 9 ). Compared with Canadians the increase of calcium in Japanese was delayed and attained only one fourth the quantity reported by Buck,37) magnesium accumulations were one half. Similarly, the accumulation of cholesterol, as is true of the atherosclerotic index,21) was delayed approximately two to three decades in Japanese and attained a concentration of only 1/2 that observed in Americans. Relative to calcium, Jap. Heart J. January, 1965 magnesium is more abundant in Japanese than in American aortas. To what extent this affects atherogenesis is worthy of speculation. In experimental animals magnesium deficiency accelerates aortic calcification41) and with a suitable diet, enhances the deposition of lipid.42)-45)
SUMMARY
The average yield of acid mucopolyscaccharides extracted from defatted and dried Japanese aortas was 10.6, 11.6 and 6.9mg. per Gm. for individuals aged 0-19 years, 20-69 years, and 70-91 years respectively. A diminished yield found with advancing atherosclerosis proved statistically significant. A similar relationship in a U.S.A. sample has been observed by Kirk. Comparatively, the AMPS content of Japanese aortas in the first six decades was appeared to be less. In Japanese aortas the major portion of the isolated AMPS was metachromatic.
As in an American population, aortic cholesterol, calcium, magnesium, and atherosclerosis increased with age but the process was delayed two to three decades in Japanese.
